were estimated by Cox proportional hazard models. Results: At baseline, 4,958 participants (93.9%) answered the SRH questionnaire. At the end of follow-up, 2,468 (49.8%) participants had died, of whom 723 (29.2%) died from cardiovascular diseases, 609 (24.7%) from cancer, and 359 (14.5%) from respiratory diseases. Global SRH independently predicted all-cause mortality (aHR for 'poor or very poor' vs. 'very good' category: 1.39; 95% confidence interval (CI): 1.15-1.69). Analysis of cause-specific mortality revealed that global SRH was an independent predictor for death due to respiratory diseases (aHR for 'poor or very poor' vs. 'very good' category: 2.61; 95% CI: 1.55-4.39), whereas age-comparative SRH exhibited a gradient effect on the risk of death due to stroke. Time-comparative SRH provided small additional predictive value. Conclusions: The predictive ability of SRH for mortality largely differs according to the specific cause of death, with the strongest associations found for respiratory disease and stroke mortality. 
Introduction
Since the preliminary evidence reported three decades ago by Mossey and Shapiro [1] , a large number of both community-and clinical-based studies have demonstrated a strong and persistent association between self-rated health (SRH) and mortality [2] [3] [4] [5] [6] . A meta-analysis including data from 22 studies concluded that persons with 'poor' SRH had a 2-fold higher mortality risk compared to persons with 'excellent' SRH. This association remained robust even after adjusting for covariates such as functional status, depression, and objective burden of comorbidity, and irrespective of gender, length of followup, or country of origin [7] . The subjective assessment of health status has also been shown to accurately predict mortality among patients with specific conditions [8, 9] , as well as other health-related outcomes such as future changes in functional ability [10] or utilization of healthcare resources [11] .
Despite this cumulative body of knowledge, the biomedical and psychosocial mechanisms underlying the relationship between SRH and mortality remain largely unclear [12] . It has been reported that its strength may be tempered by a number of demographic [13, 14] and socioeconomic variables [5, 15] , either suggesting the influence of confounding factors or actually reflecting variations in the ability of SRH to predict subsequent mortality as a whole. An intuitive insight into this question should come from breaking down the overall effect of SRH on specific causes of death rather than just analyzing all-cause mortality. The association between SRH and death is more plausible in chronic conditions with a protracted course and greater impact on daily life (e.g., chronic obstructive pulmonary disease, COPD) than in more aggressive types of disease with a worse prognosis in the mid-term (e.g., cancer) or a mainly silent course (e.g., myocardial infarction). In addition, the strength of this association might be weaker in patients with poor self-awareness of own diagnoses (e.g., dementia). On the other hand, a bidirectional influence may be hypothesized in which low perceived health status would have affective and behavioral effects (lack of physical exercise, noncompliance with treatment) with a differential impact depending on the natural history of the underlying condition (e.g., greater in circulatory or respiratory than in malignant diseases) [8, 9] . To confirm such hypotheses the analysis of specific causes of death should offer a valuable proxy for the main condition from among the number of comorbidities accumulated throughout the subject's life. However, and surprisingly in view of the extensive research performed in this field, only a few papers have taken into account cause-specific mortality [4, [16] [17] [18] [19] [20] [21] [22] .
Another potential source of variability in the literature lies in the different responders' expectations when they instinctively compare themselves with others of the same age, or when they keep in mind how they were becoming ill [12] . It has been theorized that the process of rating one's own health status contains an implicit social comparison with those whose conditions are perceived as even worse [19] . Furthermore, the very nature of the chronic condition that ultimately leads to death could modulate the subject's own perception of improvement or worsening over time and, therefore, the magnitude of the relationship between SRH and the risk of death. Unfortunately there is a scarcity of research on how these different evaluations of SRH (global, age-comparative, and time-comparative) affect its predictive value on mortality.
Thus, the present study was aimed to investigate the role of SRH -as assessed by one absolute and two comparative questions -in predicting mortality due to a number of specific causes in a broad population-based cohort of individuals aged 65 years and older living in three communities in central Spain.
Methods

Study Setting and Population
The present study constitutes a subanalysis of data derived from the Neurological Disorders in Central Spain (NEDICES) Study, a longitudinal, population-based survey of the prevalence, incidence and determinants of major age-associated neurological conditions in persons aged 65 years and older. The NEDICES Study went into one well-defined area of Spain (central Spain) and sampled three different communities: Las Margaritas, a workingclass neighborhood in Getafe (Greater Madrid); Lista, a professional-class neighborhood in Salamanca district (central Madrid); and Arévalo county (Ávila), an agricultural zone 125 km northwest of Madrid. The registered study population consisted of 6,395 individuals, but 481 were ineligible (census issues, incorrect address, or death), leaving 5,914 eligible subjects, of whom 5,278 (89.2%) were evaluated at baseline. All procedures were approved by the Ethical Standards Committees on Human Experimentation at the University Hospitals '12 de Octubre' (Madrid) and 'La Princesa' (Madrid). Written (signed) informed consent was obtained from all participants.
Study Design and Measurements
The methodology of the NEDICES Study has been described elsewhere [23] [24] [25] . In brief, face-to-face evaluations were performed at baseline (1994) (1995) and then at follow-up (1997) (1998) . The baseline survey was performed with a detailed ques-tionnaire administered to enrollees by social workers, student nurses, and general physicians. This interview comprised a 500-item structured questionnaire assessing demographic information, variables about lifestyle (physical activity, smoking habits, and consumption of alcohol), all current medications (those used during the previous week), and objective health status. The latter was evaluated through the question 'Has a medical provider ever told you that you have any of the following?', which was followed by a list of 13 diseases or chronic conditions. Three response choices were offered for each question: 'yes', 'no', or 'I don't know' (regarded as negative responses for the purposes of the present study). SRH was evaluated by means of 3 different questions, similar to those formulated in the National Spanish Health Survey [26] . The first question was: 'In general terms, how would you describe your health: very good, good, fair, poor, or very poor?' (global SRH). The second one was: 'How would you describe your health compared to others of your age and gender: much better, better, similar, worse, or much worse?' (age-comparative SRH). Due to low relative frequencies, the 2 lowest categories in each question were merged into one for the survival analyses. Finally, the third one was: 'How would you describe your health as compared to one year ago: much better, better, similar, worse, or much worse?' (timecomparative SRH). In this case the extreme categories were combined to form a 3-level variable. If not otherwise mentioned, analyses refer to global SRH. Education level was categorized in 4 levels ('no schooling and illiterate', 'can write and read', 'primary studies', or 'secondary studies and higher'). The screening instruments for dementia included a cognitive test (a 37-item version of the Mini-Mental State Examination, MMSE) [27] and the Pfeffer Functional Activities Questionnaire (FAQ) [28] . The presence of depressive symptoms was assessed by self-report, using a single screening question ('Do you suffer from depression?'). Such approach has similarly been utilized in other previous studies of depression [29] . Participants who screened positive for any neurological disease (e.g., Parkinson's disease, essential tremor, dementia or stroke) were further examined by one senior neurologist to obtain a definitive diagnosis [23, 24] . No patient was excluded on the basis of the presence of cognitive impairment. In such a case, the questionnaire was completed with the support of the participant's main carer and general practitioner. A short form of this study questionnaire was mailed to subjects who refused or were unavailable for face-to-face screening. During the second evaluation (1997) (1998) , the same methods were used and global SRH was also assessed by means of the same question. Nevertheless, for the present study we will only use data on SRH obtained at the baseline evaluation (1994) (1995) .
Ascertainment of Mortality
The mortality of the NEDICES Study cohort was evaluated by means of the National Death Registry of the Spanish National Statistics Institute (Instituto Nacional de Estadística), with the appropriate permission. In Spain, all deceased individuals receive a death certificate, completed by a doctor, at the time of death. The certificate is then sent to the court local police authority in the municipality where the person had been living, and the information is collected in the National Registry. The cause of death was classified into 8 main categories according to the 9th revision of the International Classification of Diseases (available at http:// www.cdc.gov/nchs/icd/icd9.htm): 'myocardial infarction', 'other cardiovascular diseases' (pulmonary embolism, congestive heart failure, heart or aortic rupture, and asystole), 'stroke', 'dementia', 'other neurological disorders', 'cancer', 'respiratory diseases', and 'other causes' (e.g., infections, trauma, genitourinary, or gastrointestinal disorders). The survival interval for the mortality analysis of each participant was analyzed from the day in which the baseline interview was performed (1994) (1995) until the day of death, or until December 31, 2007 for living subjects (about 13-year followup).
Statistical Analysis
All statistical analyses were performed using SPSS version 15.0 (Statistical Package for the Social Sciences Inc ® , Chicago, Ill., USA). Qualitative variables were expressed as absolute and relative frequencies. Quantitative data were shown as mean ± standard deviation (SD), or median (25th-75th percentile or range). Categorical variables were compared using the χ 2 test, whereas the one-way ANOVA test (or Kruskal-Wallis test when the assumption of normality did not hold) was applied for continuous variables. The associations between different categories of SRH at baseline and both all-cause and cause-specific 13-year mortality were assessed using Cox proportional hazards models. Various Cox models with increasing number of covariates were carried out to evaluate the residual effect on mortality of different SRH-related questions. From a starting model (1) adjusted for age and gender, we sequentially built additional models that included (2) sociodemographic variables, health-affecting habits and functional status, and (3) number of chronic comorbidities. Adjusted hazard ratios (aHRs) were shown with the 95% confidence intervals (95% CI). All p values were two-tailed, and we considered p < 0.05 as significant.
Results
Overall, the study cohort comprised a total of 5,278 participants, of which 320 (6.1%) with missing global SRH data were excluded. As compared to the remaining participants, these subjects were older (77.9 ± 8.1 vs. 74.1 ± 6.8 years; p < 0.001), had higher functional dependence (median (25th-75th percentile) values in the Pfeffer FAQ scale: 16.9 (0.2-33) vs. 0 (0-3); p < 0.001) and higher prevalence of dementia (18.1 vs. 5.0%; p < 0.001), and were more frequently illiterate (23.5 vs. 13.0%; p < 0.001).
Therefore, the final study sample comprised 4,958 subjects (2,105 men and 2,853 women), only 55 of whom (1.1%) were institutionalized. Their demographic and clinical characteristics are shown in table 1 . At the baseline evaluation, 507 (10.2%) individuals evaluated their global SRH as 'very good', 2,344 (47.3%) as 'good', 1,473 (29.7%) as 'fair', 483 (9.7%) as 'poor', and 151 (3.0%) as 'very poor'. Participants in the lower categories of SRH tended to be older, female, widowed, less educated, scored lower in the MMSE, and had higher functional dependence (as assessed by the Pfeffer FAQ scale). Self-reported health status was also associated to the geographical area, with better health perception among participants living in Lista (white-collar area), and worse among those living in Arévalo (rural area). Subjects with a higher number of chronic comorbidities and medications were more likely to report poorer SRH.
Follow-up time for the entire cohort was 48,946 person-years. Seven participants (0.1%) lacked data on vital status and were excluded from mortality analysis. At the end of observation, 2,468 of 4,951 participants (49.8%) had died, with an overall mean survival of 10.03 years (95% CI: 9.91-10.15). As shown in table 2 , the most commonly reported causes of mortality were cancer (24.7% of deaths), other cardiovascular diseases (17.9%), and respiratory diseases (14.5%).
The association between SRH and all-cause mortality is shown in table 3 . Lower categories in both global and age-comparative SRH were independently associated with a worse survival, even after adjusting for sociodemo- 
Mean value ± SD is given for age; median values (25th-75th percentile) are given for Pfeffer FAQ score, MMSE score, and number of medications. a n < 4,958 because of missing data.
Fernández-Ruiz et al. graphic variables, functional status and number of comorbid conditions. In detail, those participants with 'poor or very poor' global SRH had a more than 2-fold greater hazard of death compared with those who perceived their health as 'very good' (reference category) in the age-and gender-adjusted model. Although the inclusion of other covariates into the Cox model reduced such an effect, a significant risk for all-cause mortality remained among participants with 'fair' (aHR 1.22; 95% CI: 1.03-1.44) and 'poor or very poor' global SRH (aHR 1.39; 95% CI: 1.15-1.69). In terms of comparative SRH measurements, subjects considering their health as 'worse or much worse' than those of the same age and gender (age-comparative SRH) had an aHR for all-cause mortality of 1.73 (95% CI: 1.41-2.12). Finally, participants who rated their current health as 'similar' to that in the previous year (time-comparative SRH) exhibited a lower risk of dying (aHR 0.83; 95% CI: 0.72-0.94) compared to the reference category. a Percentage based on number of deceased participants at the end of the follow-up period (n = 2,468). The association between SRH and cause-specific mortality is shown in table 4 . In short, global SRH was an independent predictor only for death due to respiratory diseases -and showed a near significant association with death due to cardiovascular diseases -whereas age-comparative SRH exhibited a strong gradient effect on the risk of death due to stroke. Time-comparative SRH had an independent effect only on death from cancer. Due to low relative frequencies, 'myocardial infarction' and 'other cardiovascular diseases' were merged into one cause of death ('cardiovascular diseases') for the analysis, and 'other neurological disorders' was included into the category of 'dementia'. In depth, global SRH exerted an independent effect on the mortality due to respiratory diseases, with aHRs of 1.93 and 2.61 for participants with 'fair' and 'poor or very poor' SRH, respectively, compared to those with 'very good' status (reference category). We also found a near significant association between global SRH and mortality due to cardiovascular causes (aHR 1.45; 95% CI: 0.99-2.11 for participants in the 'poor or very poor' category). On the other hand, age-comparative SRH was a strong predictor of mortality due to strokewith a clear gradient in aHRs across almost all response categories, from 2.40 for 'better' to 3.66 for 'worse or much worse' categories -and to a lesser extent of mortality due to cardiovascular diseases, respiratory diseases, and other causes -with significant associations only for the lowest health category. With regard to the time-comparative question, participants who rated their current status as 'similar' in comparison to the previous year had a lower mortality due to cancer (aHR 0.68; 95% CI: 0.53-0.88) compared to the reference category ('much better or better').
Discussion
In this population-based survey of community-dwelling elderly individuals we found that the prognostic value for mortality of subjective health largely varies according to the cause of death and the type of measurement evaluated. Global SRH exerted an independent association only with the risk of death from respiratory diseasesand, nearing statistical significance, from cardiovascular diseases -whereas age-comparative SRH revealed itself as a strong predictor for death from stroke and -with a weaker association -from respiratory and cardiovascular diseases and other causes.
Few authors had previously addressed the predictive power of SRH for cause-specific mortality, with somewhat contradictory results. Tsuji et al. [17] found a significant association between SRH and cancer mortality in a cohort of Japanese elderly individuals. Although SRH was also found to be a predictor for stroke mortality after adjusting for age and gender, this variable lost statistical significance when functional disability was entered into the multivariate model [17] . Similar findings were reported from a Dutch study in which SRH exhibited an independent pre- dictive effect only for death due to non-cardiovascular causes [16] . Giltay et al. [22] have recently confirmed these results in a subanalysis of this cohort with a longer followup period. On the opposite, other studies [4, [18] [19] [20] have demonstrated a clear association between subjective health and cardiovascular mortality, even after adjusting for diverse cardiovascular risk factors and biological variables (e.g., cholesterol level or systolic blood pressure). However, it should be noted that most of these cohort studies only took into account a low number of different causes of death -namely malignant and cardiovascular diseases [16] [17] [18] [19] [20] . To our knowledge, only one previous study is comparable to ours in terms of detailed description of the cause-specific mortality [21] . Benjamins et al. [21] analyzed mortality data from the National Death Index in a cohort of over 600,000 noninstitutionalized U.S. adults. The underlying causes of mortality were similar to those in the NEDICES Study cohort, with heart disease (35.6%) and cancer (26.7%) accounting for the majority of deaths. SRH most strongly predicted mortality due to diabetes, respiratory diseases, and infectious causes (with aHRs ranging from 6.12 to 3.68 for those reporting poor SRH compared to those with excellent SRH), whereas a more moderate association was demonstrated with deaths due to heart disease, cancer, and stroke. Consistently, the authors found very weak or nonexistent relationships with mortality secondary to 'external causes' unconnected with physical status (e.g., accidents or suicide) [21] . As a result of significant gender interaction effects, being male was associated with an increased risk of mortality for certain causes across the diverse categories of SRH. In the present study, contrary to that by Benjamins et al. [21] , the only cause of death independently predicted by global SRH was respiratory diseases. Although the specific diagnosis of the underlying condition could not be ascertained from death certificate data, it seems likely that COPD accounted for most of them. Health status, as assessed by health-related quality of life (HRQL) questionnaires, correlates with respiratory mortality, but not with mortality of other causes, in patients diagnosed with COPD [30, 31] . In addition, the frequency of exacerbations -a marker of COPD severity -is linked with meaningful decreases in HRQL scores [32] . As previously suggested [21] , it could be hypothesized that duration of illness plays a capital role in the magnitude of relationship between SRH and mortality. The slowly progressive natural history of COPD is well documented [33] . Even patients with undiagnosed COPD in early stages already show impairment in HRQL [34] , whereas data from large COPD trials suggest that nonmalignant respiratory disease is the predominant cause of death only in patients with mild to moderate stages [35] . Interestingly, we also found a strong trend -although not statistically significant -towards an association between the lower categories of SRH and mortality from cardiovascular causes. Such a finding is in line with previous studies [4, 8, [18] [19] [20] and reinforces the idea that the longer the course of the condition that ultimately leads to death and the greater its impact on HRQL (e.g., heart failure), the stronger the association between SHR and cause-specific mortality appears to be. In the same vein, Idler et al. [36] found that the association between global SRH and all-cause mortality was stronger among those respondents who had experiential knowledge of chronic circulatory system illness as compared to healthy individuals, thus reinforcing the idea that self-ratings of health are based on and reinforced by own first-hand experiences with illness. In contrast, malignant diseases usually exhibit a prolonged subclinical phase and its impact on HRQL and daily activities tend to be concentrated in more advanced stages, which directly contribute to the subject's death. It is possible that the differences observed between the present study and that by Benjamins et al. [21] in the predictive power of global SRH can be partially explained by the lack of adjusting for the effect of the number of chronic comorbidities -that is, the subject's objective health status -in the latter. This fact might have contributed to overestimate the independent impact of this variable on some specific causes of death. Participants with higher number of selfreported chronic conditions were more likely to perceive their health as poorer both in the present cohort and in others [9, 22] . In addition, the strength of the association between the different measurements of SRH and all-cause mortality diminished when the number of comorbidities was entered into the Cox model.
As another main result of the present paper, we found that different subjective health measurements had a variable impact on cause-specific mortality. Age-comparative SRH exhibited a higher predictive accuracy than global SRH for death due to cardiovascular diseases, other causes, and particularly stroke -for which the variable showed a 'dose-dependent' effect. Indeed, even participants reporting a 'better' age-comparative SRH were more likely to die from stroke as compared to those in the reference category ('much better'), with an aHR of 2.40, whereas the risk for participants with 'worse or much worse' health was more than 3.5-fold higher. It has been reported that poorer self-rated physical and mental health status increased the risk of vascular mortality in patients with symptomatic and asymptomatic atherosclerotic dis-ease [8] . Only a small number of studies have compared the relationship between the different formulations of SRH and mortality [19, [37] [38] [39] [40] . The overall agreement between the questions 'How would you describe your general health lately?' and 'Compared to men/women your age how would you define your health?' has been demonstrated to be far from excellent [41] . Nevertheless, the prediction of survival by age-comparative SRH did not differ significantly from global SRH in elderly men [36] . In line with this and other studies [38] , we found that both measurements were equally predictors of all-cause mortality with similar aHRs between analogous answer categories. With regard to cause-specific mortality, Appels et al. [19] also reported that the age-comparative question was associated much more strongly with mortality from cardiovascular diseases and coronary heart disease compared with the global question. Similarly, cardiovascular mortality was independently predicted by age-comparative but not global SRH in a populationbased cohort from Germany [4] . Comparative SRH measurements demand from the respondent to create a reference frame by estimating the health of a group of agecomparable subjects, and may be influenced by the perception that the individual has of the community that he/she belongs to. As recently pointed out, the age sensitivity of these evaluations imposes caution in predicting mortality in elderly populations [39] . Moreover, differences in the exact wording of the questions and the number of answer categories make direct comparisons between studies focused on comparative SRH difficult.
In overall terms, time-comparative SRH provided small additional predictive value in our cohort as compared to global or age-comparative items, similarly to previous studies [39, 40] . Sargent-Cox et al. [39] reported that the self-comparative evaluation of SRH ('Is your health now better, about the same or not as good as it was 12 months ago?') was the weakest predictor of mortality among three different measurements. As a somewhat counterintuitive result we found that participants who rated their health status as 'similar' in comparison to the previous year had lower aHRs for all-cause and cancerrelated mortality than those in the 'much better or better' category. Other authors also reported a similar association for all-cause mortality [39] . It could be hypothesized that those subjects who stated that their status was better were actually reporting an -at least partial -recovery from a recent health issue that might subsequently increase mortality risk. Otherwise, participants in the 'same' time-comparative SRH group would reflect stability in their health status over time.
The fact that neither global nor age-comparative SRH evaluations were found to be associated to the risk of death from cancer or dementia in our study is noteworthy. As suggested above, the symptomatic phase of those malignancies aggressive enough to lead to death uses to be short and late-onset. On the other hand, patients with Alzheimer's disease and other neurodegenerative dementias are frequently unaware of their cognitive symptoms and medical diagnosis [42] . Therefore, it is intuitive that the relative impact of SRH in both settings may be moderated by other stronger biological or psychosocial variables. Furthermore, the potentially deleterious effect of poor self-perceived health status on lifestyle behaviors (e.g., decrease in leisure-time physical activity) [43] seems to be more decisive in the prognosis of cardiovascular or respiratory diseases.
Our paper has some limitations. Although SRH was measured twice during the follow-up period, we only analyzed the impact of the baseline evaluation. The dynamic assessment of subjective health trajectories over time has been revealed as an even stronger predictor of mortality than baseline assessment [44] . Despite the very large sample size, some associations between SRH and specific causes of death were probably nonsignificant due to insufficient statistical power. It should also be noted that the reference group in the cause-specific mortality analysis ( table 4 ) included both survivors and those participants who died from other causes, thus contributing to dilute to some extent the strength of such associations. We are not able to exclude the existence of inaccuracies in selfreport secondary to misunderstanding by participants regarding their previous diagnosis or the manner in which the questionnaire was applied. Finally, the lack of accuracy of the information provided by the death certificates may potentially lead to bias in reporting cause-specific mortality.
This study also exhibits considerable strengths because of its large size, high response rate for the SRH questions, prospective design, and sizable set of variables considered for adjustment. Unlike previous cohorts [4, [16] [17] [18] [19] [20] , we analyzed a comprehensive set of specific causes of death. The NEDICES Study was conducted in three well-defined community-based areas and the participation rate at baseline was notably high. Although we are unable to provide any census comparison with the general Spanish population, educational attainment, occupation and health status data in the NEDICES Study are analogous to other Spanish studies performed in the elderly [45] . Moreover, the reliability and consistency of its data collection procedures have been well established
